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Background and Aim: Although most chronic hepatitis B (CHB) patients achieve
effective virological suppression after receiving long-term nucleos(t)ide analogs (Nucs)
therapy, the safety of off-therapy is controversial under the monitor.

Methods: We identified studies through searching PubMed, Embase, Cochrane Library,
and Web of Science from January 1990 to February 2021. The eligible studies compare
the long outcomes between discontinued and continued Nucs treatments groups among
CHB patients. This study was conducted to investigate long-term outcomes, including
biochemical, serological, and virological outcomes, as well as hepatocellular carcinoma
(HCC) development rate between discontinued and maintained Nucs therapy groups
among CHB patients.

Results: Five eligible studies covering 1,425 patients were selected for meta-analysis.
Our result exhibits that patients with Nucs off-treatment have a higher risk of alanine
aminotransferase (ALT) flares-up than those who continued Nucs therapy under the
monitor (OR = 9.39, 95%CI = 3.87-22.78). Nucs off-therapy patients have a higher
virological bound incidence (OR = 617.96, 95%CI = 112.48-3,395.14) and a higher HBV
DNA level (OR = 9.39, 95%Cl = 3.87-22.78) than those who continued Nucs therapy.
There was no statistically significant difference in the risk of hyperbilirubinaemia, hepatic
decompensation, and HCC development between both two groups. Patients in Nucs
off-therapy group demonstrate a higher HBsAg loss rate than those in the continued
group (OR = 7.10, 95%CI = 6.68-13.69).

Conclusions: Nucs off-therapy patients may exhibit a higher chance of
achieving HBsAg loss than those who continue Nucs therapy. It requires close
monitoring after Nucs off-therapy and timely restarting of Nucs therapy when ALT
concentrations increase.
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Nucleos(t)ide Analogs and Chronic Hepatitis B

INTRODUCTION

Over 257 million people, or 3.2% of the global population,
are estimated to have chronic hepatitis B infection (CHB)
(1, 2). Although there is currently no cure for hepatitis B
virus (HBV) infection, it can be effectively controlled with
existing antiviral treatment strategies utilizing either interferon
(IFN) or nucleos(t)ide analogs (Nucs) (I, 2). Nucs therapy
for CHB patients works by suppressing HBV replication over
time, thus preventing disease progression to decompensated
cirrhosis and hepatocellular carcinoma (HCC) (3-7). HBeAg
seroconversion is the ideal endpoint for treating hepatitis B “¢”
antigen (HBeAg)-positive patients; this is often accompanied by
hepatitis B surface antigen (HBsAg) loss, which is thought to
be the nearest to therapeutic cure of chronic HBV infection.
In contrast, the only endpoint defined for HBeAg-negative
patients is HBsAg loss (8). However, these endpoints are seldom
reached with current methods, and long-term Nucs therapy poses
many concerns, including adherence, compliance issues, and,
most significantly, costs (9-11). As a result, studies are being
conducted to determine whether Nucs off-therapy can substitute
lifelong therapy in CHB patients who are closely monitored
(12, 13).

Although previous studies indicated that Nucs off-therapy
would result in a series of adverse outcomes such as virological
relapse (14) and alanine aminotransferase (ALT) flares-up (15),
some recent studies (13) demonstrated that Nucs off-therapy
patients might experience HBsAg loss than those who continued
Nucs therapy under the monitor. Therefore, Nucs off-therapy
is an intriguing approach to explore and investigate further.
Simultaneously, there is a need to further compare the risk of
clinical complications, particularly liver cirrhosis and HCC, in
CHB patients treated with or without Nucs therapy. Notably,
Nucs off-therapy in liver cirrhosis patients might even increase
the risk of long-term adverse outcomes such as HCC and
mortality (16).

To resolve these controversies, we conducted a comprehensive
meta-analysis pooling the available data to compare discontinued
and maintained Nucs therapy in CHB patients to provide a
practical and safe approach for the optimal management of
CHB patients.

METHODS

Search Strategy

We identified studies through searching PubMed, Embase,
Cochrane Library, and Web of Science from January 1990 to
February 2021 under the search text terms “chronic hepatitis
B” or “HBV” and “nucleos(t)ide analogs” or “NAs” or “Nucs”
or “lamivudine” or “adefovir” or “entecavir’ or “telbivudine” or

Abbreviations: CHB, chronic hepatitis B; IFN, interferon; Nucs, nucleos(t)ide
analogs; HCC, hepatocellular carcinoma; HBeAg, hepatitis B “¢” antigen; HBsAg,
hepatitis B surface antigen; HBV, hepatitis B virus; ALT, alanine aminotransferase;
OR, odds ratio; 95%CI, 95% confidence interval; RCTs, randomized controlled
trials; PRISMA-P, preferred reporting items for systematic review and meta-
analysis protocols; NOS, newcastle-ottawa quality assessment scale; ULN, upper

limit of normal.

“tenofovir” and “interruption” or “stop” or “discontinuation”
or “off-therapy” or “off-treatment” or “end” or “withdrawal”
or “cessation.” Moreover, relevant references in literature were
manually searched to avoid omitting studies.

Selection Criteria

Two independent authors retrieved the studies according to
inclusion and exclusion criteria. In our study, published full
papers were eligible for inclusion if they met the following
criteria: (1) Randomized controlled trials (RCTs) or observational
studies (cohort or case-control). (2) Patients with chronic
hepatitis B. (3) Articles compared between discontinued and
continued Nucs treatments in CHB patients. (4) Available
outcomes, including biochemical, serological, and virological
outcomes, as well as HCC development rate. Exclusion criteria
were formulated as follows: (1) Subjects with other causes
of hepatitis, such as hepatitis C or hepatitis D. (2) Articles
without relevant outcomes. (3) Duplicate literature. However, for
duplicate articles, the literature with the newest or comprehensive
data was included.

Data Extraction and Study Quality

Assessment

Two authors worked independently to extract data from the
included papers and determine study quality assessment using
a standardized form. If there is any uncertainty of a study
between the two authors, it would be resolved by agreement
between them or by the third reviewer. The database was
used to record the available information, including author, year
of publication, country, sample size, time to recruit, follow-
up time, and study design, Nuc-experienced, characteristics of
patients, and baseline level of HBV DNA. This meta-analysis was
conducted per the guidelines of the Preferred Reporting Items
for Systematic Review and Meta-Analysis Protocols (PRISMA-
P) 2015 statement. The quality of RCTs and observational
studies was determined using Cochrane Collaborations’s tool
(17, 18) and Newcastle-Ottawa Quality Assessment Scale (NOS)
checKklist, respectively, by two independent authors (19, 20) This
quality assessment tool focuses on eight items categorized in
three groups (selection, comparability, and outcome) with a
maximum number of nine stars. The articles with six or more
stars were deemed to be of higher quality.

Statistical Analysis

Odds ratio (OR), including 95% confidence interval (CI),
was used to assess the comparison between discontinued and
continued Nucs therapies. Revman 5.3 Software (RevMan, The
Cochrane Collaboration) was used to perform the meta-analysis
and evaluate heterogeneity between studies by Cochrane Q test
and p-values. If p > 0.1, the fixed-effects model is applied,
the random-effects model is applied if p < 0.1. The Stata
12.0 Software (Stata, College Station) was utilized to evaluate
sensitivity and publication bias of studies. Publication bias
was evaluated using Beggs and Egger’s tests, and p < 0.05
was considered statistically significant. Publication bias and
sensitivity analysis would not be performed on analysis subgroup
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FIGURE 1 | Flow diagram describing inclusion and exclusion criteria.

with <10 studies due to low sensitivity of qualitative and
quantitative tests.

RESULTS

A total of 5,196 studies were derived from the search strategy,
and two studies were identified through other sources. Of these,
2,429 studies were eliminated because of repetition, and 2,463
studies were excluded based on evaluation of their titles or
abstracts, and the remaining 126 articles were scrutinized by
full-text articles. Eventually, five eligible articles (13-15, 21, 22)
were included in this meta-analysis, according to inclusion and
exclusion criteria. The detailed search and study selection process

is shown in Figure 1, and the quality of five studies was assessed
as demonstrated in Supplementary Table 1.

Study Characteristics

The characteristics of five studies with comparison between
discontinued and continued Nucs treatments are displayed in
Table 1. The five studies include four observational studies and
one RCT, covering 1,452 CHB patients, comprising HBeAg-
positive and HBeAg-negative patients. Among them, 554 patients
conducted a Nucs off-treatment while the remaining 898 patients
continued Nucs treatment. These CHB patients experienced
Nucs therapy such as entecavir, lamivudine, and other Nucs.
The primary outcomes are ALT flares-up, hyperbilirubinaemia
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FIGURE 2 | Forest plot on biochemical outcomes comparing between continued Nucs therapy and discontinued Nucs therapy. (A) ALT flares-up; (B)

0.01 0.1 1 10 100
Favours [Discontinued NA] Favours [Continued NA]

Favours [Discontinued NA]  Favours [Continued NA]

CHB patients (among 516 CHB patients) experienced HBsAg loss
in the Nucs off-therapy group, whereas 12 CHB patients (among
787 patients) experienced HBsAg loss in the continued group.
According to estimated pooled OR, patients in Nucs off-therapy
group exhibited a greater post-treatment HBsAg loss than those
in the continued group (OR = 7.10, 95% CI = 6.68-13.69, p <
0.001) (Figure 3C).

HCC Development

Three studies reported the long-term rate of HCC development
in the Nucs off-therapy group compared to the continued
Nucs group among CHB patients. In general, 8.67% of patients
developed HCC in the off-therapy group during follow-up time,
and 8.66% of patients developed HCC in the continued group. No
statistically significant difference existed in HCC development
between the two groups in all patients (OR = 1.17, 95% CI =
0.71-1.93, p = 0.54) (Figure 4).

Publication Bias and Sensitivity Analysis
Considering that these eligible papers were <10, Beggs and
Egger’s tests for publication bias and sensitivity analysis were not
used for the meta-analysis due to the low efficiency of qualitative
and quantitative tests.

DISCUSSION

In contrast to “lifelong therapy” strategy, the field explores
whether some patients with long-term Nucs therapy may

be able to successfully withdraw Nucs therapy. Studies of
stopping Nucs therapy remain limited, owing to concerns about
virological rebound, ALT flare-up, risk of hyperbilirubinaemia,
and liver failure after cessation of Nucs off-therapy. Our findings
indicate that patients who discontinue Nucs therapy while being
monitored have a greater risk of ALT flares-up than those who
continue Nucs therapy. However, in three included studies, the
definitions of ALT flare-up are different. In a study by Fung et al.
(22), the ALT flare-up is defined as >2 ULN; in a study by Liem
etal. (15), the ALT flare-up is defined as >5 times ULN; in a study
by Chen et al. (14), patients experienced severe ALT flare-up that
is more than 20 times ULN. Further research is needed to unify
the ALT flare-up threshold. Simultaneously, Nucs off-treatment
under the monitor increases the incidence of virological bound
and results in a higher HBV DNA level than CHB patients
who continued Nucs therapy because Nucs are inhibitors of
hepatitis B virus (HBV) DNA polymerase and directly block
the viral replication (23). However, it is difficult to completely
eliminate viruses since Nucs are thought to have almost no
influence on HBV cccDNA level in hepatocytes, representing
the key HBV replicative intermediate (24). Intrahepatic cccDNA
serves primarily as a template for viral RNA transcription, which
results in the development of offspring virion DNA (24). In this
long-term state, it is unlikely that patients would benefit from
continuing to receive Nucs therapy; therefore, some researchers
proposed discontinuing Nucs therapy for CHB patients who were
closely monitored (14). The prospective studies have indicated
no increased risks of hyperbilirubinaemia (14, 15) or hepatic
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FIGURE 3 | Forest plot on serological outcomes and virological outcomes comparing between continued Nucs therapy and discontinued Nucs therapy. (A) virological

Test for overall effect: Z=0.61 (P = 0.54)
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FIGURE 4 | Forest plots on incidence of hepatocellular carcinoma comparing between continued Nucs therapy and discontinued Nucs therapy.

Favours [Discontinued NA] Favours [Continued NA]

decompensation (13, 14) in CHB patients undergoing Nucs off-
treatment than those in the Nucs continued group under the
monitor. Moreover, our meta-analysis results are consistent with
them. There is also the possibilty of type 2 statistical errors.
Therefore, it is vital for future research to increase the number
of the included subjects. Some evidence suggests that virological
relapse after Nucs off-therapy may induce immune activation
with chemokines/cytokines as well as T cell responses (25),
although additional research is required to support this.
Moreover, a previous study (14) showed that 12 and 2 patients
experienced severe ALT flares-up and hepatic decompensation
after Nucs off-therapy, respectively. No patient died after timely
re-treatment. Therefore, it is critical to emphasize the importance
of meticulous patient follow-up to diagnose as early as possible

any ALT flares associated with an increased risk of liver failure,
particularly in liver cirrhosis patients, to rapidly restart antiviral
therapy. As a minimum, the study recommends monitoring liver
function tests at week 6, week 12, week 18, and week 24, and
then every 3 months for the first 2 years. Notably, potential safety
concerns when ALT concentrations increase mean that restarting
therapy should be considered (26).

HBsAg seroclearance is rare during Nucs treatment (27).
Nucs have potent antiviral activity but do not have a direct
immunomodulatory effect. One key finding in our study was
that CHB patients who discontinued the Nucs therapy were
more likely to develop HBsAg loss than those who continued
Nucs therapy (28, 29), similar to findings observed in previous
prospective studies (13, 15). Although host HBV-specific T-cell
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immunity may be modulated and recovered during long periods
of HBV suppression via Nucs treatment (30), HBV relapse after
Nucs off-therapy may trigger efficient immunological response
that enhances the responsiveness of HBV-specific T cells and NK
cells function. However, a recent study was inconsistent with
it. The study indicated no statistically significant difference in
HBsAg loss after discontinuing Nucs treatment compared to
continued Nucs therapy. This may be because ALT flares can
also precede HBsAg loss; therefore, restarting treatment could
potentially prevent patients from achieving this positive outcome
(HBsAg loss)(26).

Regarding the association between HBV genotypes and
HBsAg seroclearance, a previous study (31, 32) found no
statistically significant differences in HBsAg seroclearance rates
among the different genotypes. Numerically, genotype A
appeared to have the highest HBsAg seroclearance rate, and
genotype F had the lowest, but the number of studies and
patients with genotypes A, D, and F were small. Further analysis
comparing genotype B and C patients also found no significant
difference in HBsAg seroclearance rate (32, 33). However, a study
(34) suggests that patients with genotype B had a higher rate
of HBsAg seroclearance than those with genotype C, and yet a
previous study (35) suggesting that genotype C was associated
with a higher lifetime chance of HBsAg loss than genotype
B. Due to lack of sufficient data, we cannot investigate the
relationship between HBsAg clearance and HBV genotype in our
meta-analysis. Consequently, there is a need to further compare
the incidence of HBsAg loss among CHB patients between
discontinued and continued Nucs therapy groups in future well-
designed studies.

HCC is a major cause of liver-related mortality in CHB
patients; however, one of the primary functions of antivirus is
to prevent HCC (36). Previous studies have demonstrated that
long-term Nucs therapy exhibited a reduced incidence of HCC
(37, 38). It is unknown whether Nucs therapy cessation would
have a detrimental impact on reducing HCC incidence. In our
meta-analysis, Nucs off-therapy did not exhibit an increased risk
of HCC than the Nucs-continued group among CHB patients
under the monitor, consistent with a study from Taiwan (14).
Simultaneously, the result should be likewise interpreted with
caution due to limited sample size of the study. In addition, there
may be insufficient follow-up time because HCC development
is a long-term outcome (39). Therefore, our consequence still
requires further validation. Despite this, Hall et al. reported a
study that recommends restarting Nucs therapy in patients with
persistent HBV DNA levels >2,000 IU/ml after stopping Nucs
therapy, regardless of ALT level, to minimize the risk of HCC
over time (36).

In addition, the 2017 EASL recommendations also suggested
that Nucs may be discontinued in selected non-cirrhotic HBeAg-
negative CHB patients with long-term (>3 years) on-therapy
virological suppression who will remain under close post-
Nucs therapy follow-up (40). AASLD guidelines still do not
recommend Nucs discontinuation in HBeAg-negative CHB
patients with long-term virological and biochemical remission
(41). As a result, more comprehensive studies are required to
evaluate the effect of Nucs oft-therapy in CHB patients.

A significant strength of this research is that it is the
first meta-analysis to compare long-term outcomes, including
biochemical, serological, and virological outcomes, as well as
HCC development rate between CHB patients who discontinued
and maintained Nucs therapy. However, it still requires
evaluation for Nucs off-therapy safety among CHB patients
under the monitor further. The meta-analysis should be
interpreted because of certain limitations. Firstly, due to the
difference of definitions of ALT flare-up in three included studies,
further research is needed to unify the ALT flare-up threshold.
Secondly, the sample size included was insufficient due to a
limited number of related studies; therefore, publication bias
and sensitivity analysis were not allowed to conduct further,
affecting the last conclusions. Thirdly, we were unable to acquire
unpublished articles, and the language was confined to English
merely. Then, off-Nuc studies which only with discontinued
group (without contrast) do not conform to our included
criteria, but it may underestimate the off-Nuc clinical events.
Finally, most of the included literature was from Chinese
studies, which lacked certain representativity and could not be
widely popularized.

In conclusion, Nucs off-therapy can cause virological relapse
and liver enzyme damage without increasing liver failure risk
under the monitor compared with those who continued therapy
among CHB patients. In the long-term, Nucs off-therapy did not
show an increased risk of developing HCC compared to the Nucs
therapy group. Importantly, patients who discontinue therapy
may exhibit a higher chance of achieving HBsAg loss than those
who continue Nucs therapy. Although our study suggests that
Nucs oft-therapy may have potential benefits for CHB patients
under the monitor, we must emphasize that this might cause
severe clinical consequences. Hence, it requires close monitoring
after Nucs off-therapy and timely restarting of Nucs therapy
when ALT concentrations increase. Further, larger and well-
designed studies are required to evaluate Nucs off-therapy safety.
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